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ZOOM LENS EMPLOYING REFRACTIVE AND
DIFFRACTIVE OPTICAL ELEMENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a zoom lens and,
more particularly, to a zoom lens having refractive and
diffractive optical elements.

2. Description of Related Art

Zoom lenses have been utilized in the art for quite
some time. The zoom lenses at the telephoto mode
magnify an object being viewed to provide the viewer
with a view of a distant scene. On the other hand, the
zoom lenses at the wide field of view modes cover very
wide angle scenes. Generally, the zoom lenses are

formed from refractive, reflective or a combination of

refractive and reflective elements. The packaging of the
zoom lens generally dictates the type of optical ele-
ments which are present.

Generally, 1n an all refractive zoom lens assembly,
the assembly includes several lens groups. Turning to
FIG. 1, a first lens group 1, which is called a focusing
group, is used to relay an outside scene onto an interme-
diate plane. The second lens group 2, which is known as
a variator, 1s generally a virtual relay and is used to vary
the magnification of the zoom lens. Ordinanly, it is
regarded as the “engine” of the zoom lens. The variator
1s moved back and forth to change the effective focal
length of the system. A third lens group 3 is used to
compensate for the focus shift introduced during the
zoom process and is generally referred to as a compen-
sator. For many zoom lens systems, the wavefront
emerging from the compensator is either collimated or
near collimated. The fourth lens group 4 is referred to as
a prime group. The fourth lens group 4 is used to focus
the wavefront emerging from the compensator onto a
viewing plane. Also, some zoom lenses combine the
compensator 3 and prime group 4 as a single unit.

U.S. Pat. No. 3,784,284, 1ssued Jan. 8, 1974 to
Nakamura, illustrates a zoom lens like that described
above. While providing a zoom lens having a varying
focal length, the zoom lens has several disadvantages.
One disadvantage is that it is an all-refractive lens and is
heavy and bulky. The lens has an effective focal length
range from 7.5 mm to 56.3 mm. Also, the main limita-
tion dominating the complexity of this type of lens sys-
tem 1s chromatic aberration correction. At the long
effective focal length zoom positions, axial chromatic
aberration and spherochromatism are the limiting aber-
rations. At the short effective focal length zoom posi-
tions, lateral chromatic aberration is the dominating
aberration. In order to stabilize the chromatic aberra-
tion duning zoom, each group requires flint-glass lenses
to etther partially or fully correct the chromatic aberra-
tion. The chromatic aberration correction of the focus-
ing group and the variator is particularly critical. Un-
fortunately, each group can evolve to a form which is
bulky and complicated and this takes away from the
available zoom space. Therefore, the zoom range is
seriously jeopardized. In addition, some residual third

and higher order aberrations are created as a result of

steeper lens curvatures.

SUMMARY OF THE INVENTION

Accordingly, the new and improved optical zoom
system of the present invention provides the art with
improved aberration reduction. Zoom lenses of the
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present invention have reduced levels of third and
higher order residual monochromatic aberrations. The
present invention provides a zoom lens with a wider
zoom range, a simpler optical form and provides a more
compact package. Also, the present invention reduces
the weight of the moving lens element groups. Thus, the
present invention provides a zoom lens which is lighter
weight, relatively less expensive, and more agile during
the zoom process with a wider zoom range by using
diffractive elements.

In the preferred embodiment of the invention, the
zoom lens includes a first lens group for relaying an
1mage of an outside scene to an intermediate plane. A
second lens group is positioned to receive the image
wavefront from the first lens group. The second lens
group varies the magnification of the zoom lens. Also,
the second lens group includes at least one diffractive
optical element. A third lens group compensates for
focus shift and focuses the wavefront onto the viewing
plane.

Generally, the third lens group is broken down into a
third and fourth lens groups. The third lens group com-
pensates for focus shift and the fourth lens group fo-
cuses the image on the viewing plane. The third lens
group would also include a diffractive optical element.

From the subsequent description and the appended
claims taken in conjunction with the accompanying
drawings, other objects and advantages of the present

invention will become apparent to those skilled in the
art.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 11s a schematic view of a relevant art refractive
zoom lens system.

F1G. 2 1s a schematic view of a zoom optical system
In accordance with the present invention.

FIG. 3 1s a schematic view like that of FIG. 2 at an
intermediate focal length.

FIG. 4 1s a schematic view like that of FIG. 2 at a
minimum focal length.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning to FIGS. 2 through 4, a zoom optical lens
system according to the invention is illustrated and
designated with the reference numeral 10. The system
10 includes a first lens group 12, a second lens group 14,
a third lens group 16 and a fourth lens group 18. The
lens groups focus an image on a viewing plane 20.

The first lens group commonly referred to as the
focusing group, includes three lenses. The lens 22, lens
24 and lens 26 of the focusing group are generally posi-
tioned on an optical axis 50 defined by the lens 22. Gen-
erally, the lens 22, lens 24 and lens 26 are convex-con-
cave, biconvex and convex-concave lenses, respec-
tively. The lenses 22, 24 and 26 are formed from SF13,
LAK7 and BK7 glass materials, respectively. All the
lenses have a predetermined radius of curvature on their
front and back surfaces of the lens. Also, the lenses have
a predetermined thickness at their vertexes and prede-
termined aperture sizes on their front and back surfaces.

The second group of lenses 14 which is generally
referred to as a variator, includes a pair of optical ele-
ments. The variator lens 28 and lens 30 are generally
centered on the optical axis 50. The lens 28 is generally
a biconcave lens formed from a LLF5 glass material. The
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lens 28 has a predetermined radius of curvature on its
front and back surfaces. Also, the lens 28 has a predeter-
mined thickness at its vertex and predetermined aper-
ture sizes on its front and back surfaces.

The variator lens 30 is a refractive-diffractive hybrid
optical element. The refractive-diffractive optical ele-
ment 1s formed from a BK7 material. The refractive-dif-
fractive optical element generally has a concave front
surface and a planar back surface. The surfaces have a

predetermined radius of curvature. Also, the lens has a 10

predetermined thickness at its vertex and predetermined
aperture sizes on its front and back surfaces. The refrac-

tive-diffractive hybrid optical element 30 is likewise

posittoned on the optical axis 50. The diffractive optical
element of the hybrid lens 30 is a kinoform or kinoform
equivalent Fresnel zone plate. Although the Fresnel
zone plate can be imprinted on either a planar surface or
curved surface, a planar surface is generally easier for
fabrication.

The third lens group 16, generally referred to as the
compensator, includes a pair of optical elements. The
compensator first optical element lens 32 is generally a
biconvex lens formed from a LAKN7 glass material.
The lens 32 has a predetermined radius of curvature on
its front and back surfaces. Also, the lens 32 has a prede-
termined thickness at its vertex and a predetermined
aperture size on its front and back surfaces.

The optical element 34 is a refractive-diffractive hy-
brid optical element. Generally, the optical element 34
has a convex planar configuration formed from a
LAK!] material. The element 34 has a predetermined
radius of curvature on its front and rear surfaces as well
as a predetermined thickness at its vertex and predeter-
mined aperture sizes on its front and back surfaces.

The variator 14 and compensator 16 move with re-
spect to one another to multiple positions between the
first and fourth lens group as seen in FIGS. 2 through 4.
As the variator and compensator move, the effective
focal length of the system is changed.

The fourth lens group 18, generally referred to as the
prime group, includes five lenses. The lenses 36, 38, 40,
42 and 44 are centered with respect to the optical axis
50. Also, this group focuses the radiation emerging from
the compensator 16 to the viewing plane 20. Generally,
the lenses 36, 38, 40, 42 and 44 are biconcave, cube,
biconvex, biconvex and concave-convex, respectively.
Each lens has a predetermined radius of curvature on its
front and back surface as well as a predetermined thick-
ness at its vertex and predetermined aperture sizes on its
front and back surfaces. The cube 38 is generally a
beam-splitting device to sample the radiation emerging
from the previous lenses.

Generally, the focusing group relays an image of an
outside scene to the viewing plane. The variator varies
the magnification of the wavefront, including an image
of the scene, as it passes through the system. The com-
pensator acts on the wavefront to compensate for focus
shift of the wavefront as it passes through the system.
The prime group then focuses the wavefront onto the
viewing plane 20.

The zoom system illustrated in FIGS. 2 through 4 is
in the same optical space as the zoom system of FIG. 1.
The effective focal length range of the zoom system of
FIG. 1 1s from 7.5 mm to 56.3 mm, as illustrated in
phantom. The present system provides an effective
focal length between 7.5 mm to 75 mm in the same
optical space, thus, the present zoom provides a 10:]
magnification ratio compared to the 7.5:1 range of the
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4

relevant art. This is 2 33% extension in the zooming
range through the use of the optical arrangement of the
present invention.

A specific prescription for a zoom lens configuration
1s given in the following table:

TABLE 1

W

Optical Prescription

Element Surface Radius of Thick-
Number Number Curvature ness Glass
et ettt —pt o e
Lens 22 {(S1-82) Si 80.5125 140000 Ohara
SF13
Lens 24 (S2-S83) S2 43.3484 9.50000 Ohara
LAK7
S3 —217.721
Gap 0.100000 Air
Lens 26 (84-59%) S4 41.6851 3.40000 Schott BK7
S5 61.4151
Gap Zj Air |
Lens 28 (S6-S7) S6 —900.577 0.900000 Schott LF5
S7 19.2063
Gap 3.93483 Air
Lens 30 (S8-S9) S8 —17.5096 (.800000 Schott BK7
S9 Infinite 0.000000 Diffractive
Optical
Element 1
Gap Zy Air
Lens 32 (S10-S11) S10 661,786 2.90000 Schott
LAKN?7
S11 —29.0168
Gap 0.100000 Air
Lens 34 (S12-S13) S12 28.5963 5.50000 Ohara
LAKI1
S13 0.000000E 0.00000 Diffractive
+ 00
Optical
Element 2
Gap Z3 Air
Lens 36 (§14-815) Si4 —20.6652 0.800000 Schott BK7
S15 14.5234
Gap 1.20000  Air
Lens 38 (§S16-S17) S16 0.000000E  R.30000 Schott LF7
+ 00
S17 0.000000E
+ 00
Gap 8.90000 Air
Lens 40 (S18-S19) S18 659.103 3.90000 Schott
" LAKN7
S19 —19.2241
Gap 0.200000 Air
Lens 42 (S20-S21) S20 29.6660 5.30000 Schott
SK16
Lens 44 (S21-822) 821 —22.6192 120000 Schott SF6
S22 — 180.939
Gap 22.30180 Air
Plane 20

W
The wavefront information of both diffractive optical elements 1

and 2 is f}(p) and f3(p), respectively

Where p is the radla] coordinate of aperture in the unit of mm,
fip) = 2.43875p2 —1.0545 (E-2),*

and fy(p) = (— 2 07051),% +6. 13061 (E- 3)p*

The zone plate ring boundanes of the dlffracnve optical

element 1 are located at f p) =R D is an integer

Similarly the zone plate ring boundaries of the diffractive 0pt1ca]
element 2 are at fyp) = n  n is an integer

The selected diffractive orders for the diffractive optical elements
1 and 2 are +1 order and — 1 order, respectively

(+) Radii have centers to the right

(—) Radi have centers to the left

Thickness is axial] distance to next surface

Dimensions are given in millimeters

Reference Wavelength = 0.58756 um

Spectral Range is from 0.48610 um to 0.65627 um
_M

_Group Space
EFL (mm) Zi {(mm) Z> (mm) Z3 (mm)
m
7.503 1.729 48.861 0.9830
21.758 20.828 24.401 6.341]
74.994 34.184 2.555 14.831

mm——____
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It should be noted that the above prescription is an
example for illustrative purposes and should not be
construed in any way to limit the present invention.

An advantage of the present invention is that the
zoom lens is able to vary the magnification continuously
and may be used in several optical sensors. The present
invention may be utilized in display technology area
such as the color projection optics for the next genera-
tion of flight simulators. The present invention provides
a wide range zoom to simulate the range changes of
both the target and the scene. Also, the present inven-
tion may be utilized as a photographic zoom lens.

While it will be apparent that the preferred embodi-
ment 1s well calculated to fill the above stated objects, it
will also be appreciated that the present invention is
susceptible to modification, variation, alteration and
change without varying from the proper scope and fair
meaning of the subjoined claims.

What is claimed is:

1. A zoom lens comprising:

first lens group means for relaying an image of an

outside scene to an intermediate plane;

>
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second lens group means for varying magnification of 2°

the relayed image from the first lens group, said
second lens group means including at least one
diffractive optical element; and

third lens group means for compensating for focus
shift and for focusing the image onto a viewing
plane, wherein said third lens group means includes
a first lens sub-group to compensate for focus shift
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and a second lens sub-group to focus the image on
said viewing plane.

2. The zoom lens according to claim 1 wherein said
third lens group means includes at least one diffractive
optical element.

3. The zoom lens according to claim 1 wherein said
second lens group means is movable to change effective
focal length of the zoom lens.

4. A zoom lens comprising:

a first lens group for relaying an image of an outside

scene to an intermediate plane;

a second lens group for varying magnification of the
relayed image from the first lens group, said second
lens group including at least one diffractive optical
element and at least one refractive element;

a third lens group for compensating for focus shift of
the image passing through said lens groups; and

a fourth lens group for focusing the image onto a
viewing plane.

. The zoom lens according to claim 4 wherein said
diffractive optical element is positioned between said
refractive optical element and said third lens group.

6. The zoom lens according to claim 4 wherein said
third lens group includes at least one diffractive optical
element.

7. The zoom lens according to claim 6 wherein said
third lens group includes at least one refractive optical
element.

8. The zoom lens according to claim 7 wherein said
third lens group diffractive optical element is positioned
between said refractive optical element of said third lens

group and said fourth lens group.
* % * % *
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